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Process for produc ing ftnantinpnre p -aminn acid derivatives, and enantiopure 

p-amitio acid derivatives 



The present invention relates to a process for producing enantiopure P-amino 
acid derivatives, and to enantiopure p-amino acid derivatives. 
5 Some P-anoino acids and their derivatives are useful in the context of the 

production of peptides which can be used as medicinal products. Specific examples 
of such ^-amino acids comprise at least one. nitrogenous heterocycle. 

In the search for active principles, it is desirable to have amino acids which 
participate in the pharmacological activity in particular peptides and which can be 
1 0 used in the process for producing peptides or peptide analogues. 

US patent 3,891,616 describes some biologically active peptides containing 2- 
pyrrblidineacetic add. The N-Boc derivative of this acid is prepared by treatment of 
natural L-proline with diazomethane. 

This known process requires the use of an enantiopure natural amino acid as 
15 starting product. The latter is subjected to conversions with a dangerous reagent 
under conditions which can involve a risk of racemization; 

The invention is ^med at remedying the abovementioned problems. 
The invention conseqiientiy relates to a process for producing enantiopure ^- 
amino acid derivatives corresponding to general formula (I) 
20 R1-NZ-CHR2-CH2-COOK3 (T) 

in which 

^Kl and E2 independentiy denote organic residues optionally forming a cyclic 
substituent, 

R3 denotes H or an organic residue, and 
25 Z represents H or an amino function-protecting group, 

comprising a stqp in which a mixture of enantiomers of a compound 
corresponding to general formula (D) 
R1-NZ-CHR2-CH2-COOR4 (U) 
inwhich 

30 Rl, R2 and Z are as defined for formula (I), and 

R4 is an organic residue, 

is subjected to hydrolysis in the presence of a lipase. 

It has been found that the process according to the invention makes it possible 
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to produce P-amino acids or thdr derivatives of high enantiomeric pxmty with a high 
yield. 

The term "^enantiopure compound" is intended to denote a chiral compound 
consisting essentially of an enantiomer. The enantiomeric excess (ee) is defined as: 
5 ee(%) = 100(xi-X2)/(xi+X2) with xi>X2; xi and X2 represent the content in the mixture 
of enantiomer 1 or 2 respectively. 

The term "organic residue" is intended to denote in particular linear or 
branched alkyl or alkylene groups which may contain hetero atoms, such as in 
particular boron, silicon, nitrogen, oxygen or sulphur atoms, cycloalkyl groups, 
10 heterocycles and aromatic systems. The organic residue may contain double or triple 
bonds and functional groups. 

The organic residue comprises at least 1 carbon atom. It often comprises at 
least 2 carbon atoms. It preferably comprises at least 3 carbon atoms. More 

■ 

particularly pref^ably, it comprises at least 5 carbon atoms. 
15 The organic residue generally comprises at most 100 carbon atoms. It often 

comprises at most 50 carbon atoms. It preferably comprises at most 40 carbon 

atoms. More particularly preferably, it comprises at most 30 carbon atoms. 

The term "alkyl group" is intended to denote in particular a linear or branched 

alkyl substituent comprising fi^om 1 to 20 carbon atoms, preferably 1, 2, 3, 4, 5, 6, 7, 
20 8, 9 or 10 carbon atoms. Spedfic examples of such substituents are methyl^ ethyl, 

n-propyl, isopropyl, n-butyl, isobutyl, tert-butyl, n-pentyl, isopentyl, n-he^qrl, 2- 

* 

hexyl, n-heptyl, n-octyl and benzyl. 

The term "cycloalkyl group" is intended to denote ia particular a substituent 
comprising at least one saturated carbocycle containing 3 to 10 carbon atoms, 
25 preferably 5, 6 or 7 carbon atoms. Specific examples of such substituents are 
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and cycloheptyl. 

The term "alkylene group'' or "cycloalkylene group" is intended to denote in 
particular the divalent radicals derived from the alkyl or cycloalkyl groups as 
defined above. 

30 When the organic residue contains one or optionally more double bonds, it is 

often chosen from an alkenyl or cycloalkenyl group comprising firom 2 to 20 carbon 
atoms, preferably 2, 3, 4, 5, 6, 7, 8, 9 or 10 carbon atoms. Specific examples of such 
groups are vinyl, 1-allyl, 2-allyl, n-but-2-enyl, isobutenyl, 1,3-butadienyl, 
cyclopentenyl, cyclohexenyl and styryl. 

35 When the organic residue contains one or optionally more triple bonds, it is 

often chosen from an alkinyl group comprising from 2 to 20 carbon atoms, 
preferably 2, 3, 4, 5, 6, 7, 8, 9 or 10 carbon atoms. Spedfic examples of such groups 
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are ethinyl, l-propinyl, 2-propinyl, ii-but-2-inyl and 2-phenylethinyL 

When the organic residue contains one or optionally more aromatic systems, it 
is often an aryl group comprising from 6 to 24 carbon atoms, preferably from 6 to 12 
carbon atoms. Specific examples of such groups are phenyl, 1-tolyl, 2-tolyl, 3-tolyl, 

5 xylyl, 1-naphthyl and 2-naphthyl. 

The term "heterocycle" is intended to denote in particular a cyclic system 
comprising at least one saturated or xmsaturated ring made up of 3, 4, 5, 6,. 7 or 8 
atoms, at least one of which is a hetero atom. The hetero atom is often chosen from 
B, N, O, Si, P and S. It is more often chosen fromN, O and S. 

10 Specific examples of such heterocy cles are aziridine, azetidine, pyrrolidine, 

piperidine, morpholine, 1,2,3,4-tetrahydroquinolme, l,2,3,4.tetrahydroisoquinoUne, 
perhydroquinoline, perhydroisoquinoline, isoxazoUdine, pyrazoline, imidazoUne, 
thiazoline, tetrahydrofiiran, tetrahydrothiophene, pyran, tetrahydropyran and 
dioxane. 

15 The organic residues as defined above may be unsubstituted or substituted 

with jSmctional groups. The term "fimctional group" is intended to denote in 
particular a substituent comprising or consisting of a hetero atom. The hetero atom is 
often chosen fromB, N, O, Al, Si, P, S, Sn, As and Se and the halogens. It is more 
often chosen from N, O, S and P, in particular N, O and S. 

20 The fimctional group generally comprises 1, 2, 3, 4, 5 or 6 atoms. 

By way of fimctional groups, mention may, for example, be made of halogens, 
a hydroxyl group, an alkoxy group, a mercapto group, an amino group, a nitro 
group, a carbonyl group, an acyl group, an optionally esterified carboxyl group, a 
carboxatnide group, a urea group, a urethane group and the thiol derivatives of the 

25 abovementioned groups containing a carbonyl group, phosphine, phosphonate or 
phosphate groups, a sulphoxide group, a sulphone group and a sulphonate group. 

« 

In the process accordmg to the invention, the substituent Z in the compound of 
general formula (1) or (DC) is often an amino function-protecting group. In this case, 
an enantiopure p-amino add derivative is obtained, as unreacted substrate, which 

30 can be used without fiirther modification as a peptide synthesis intermediate. 

By way of nonlimiting examples of amino fiinction-protecting groups which 
may be represented by Z, mention may in particular be made of substituted or 
unsubstituted groups of alkyl or aralkyl type, such as the benzyl, diphenylmethyl, 
di(methoxyphenyl)methyl or triphenylmethyl (trityl) group, substituted or 

3 5 unsubstituted groups of acyl type, such as the formyl, acetyl, trifluoroacetyl, benzoyl 
or phthaloyl group, substituted or unsubstituted groups of aralfcylo:qrcarbonyl type, 
such as the benzyloxycarbonyl, p-chlorobenzyloxycarbonyl, p- 
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bromobenzyloxycarbonyl, p-nitrobenzyloxycarbonyl, p-methoxybenzyloxycarbonyl, 
benzhydryloxycarbonyl, 2-(p-biphenylyl)isopropyloxycarboiiyl, 2-(3,5- 
dimethoxyp]ieuyl)isopropyloxycaibonyl» p-phenylazobenzyloTcycarbonyl, 
triphenylphosphonoethyloxycarbonyl or 9-fluorenylmethyloxycarbonyi group, 
5 substituted or unsubstituted groups. of aliyloxycarbonyl type, such as the tert- 
butyloxycarbonyl, tert-amyloxycaibonyl, diisopropylmethyloxycarbonyl, 
isopropyloxycarbonyl, ethyloxycarbonyl, allyloxycarbonyl, 2-methyl- 
sulphonylethyloxycaibonyl or 2,2,2-trichloroethyloxycaibonyl group, groups of 
cycloalkyloxycarbonyl type, such as the cyclopentyloxycarbonyl, cyclohexyloxy- 

10 carbonyl, adamantyloxycarbonyl or isobomyloxycarbonyl group, and groups 

containing a hetero atom, such as the benzenesulphonyl, p-toluenesulphonyl (tosyl), 
mesitylenesulphonyl, niethox3^trimethylphenylsulphonyl, o-nitrophenylsulphenyl or 
tiimethylsilane group. 

Among these groups Z, those comprising a carbonyl group are preferred. The 

15 acyl, aralkylo^carbonyl and alkyloxycarbonyl groups are more particularly 
preferred. 

The protective group is preferably sterically hindering. The term "steiically 
hindering" is intended to denote in particular a substituent comprising at least 3 
carbon atoms, in particular at least 4 carbon atoms, including at least one secondary, 
20 tertiary or quaternary carbon atom. The sterically hindering group often comprises at 
most 100, or even 50 carbon atoms. A protective group chosen from the alkoxy- 
carbonyl, aryloxy carbonyl and aralkoxycarbonyl groups is preferred. A tert- 
butyloxycarbonyl (BOC) group is most particularly preferred. 

In the process according to the invention, the substituent R3 in the compoimd 
25 of general formula (1) is often a hydrogen atom. In this case, it is possible to replace 

it with organic residues as defined above, using processs known in themselves. 

♦ 

In the process according to the invention, the substituent R4 in the compoimd 
of general formula (IT) is ofi;en an alkyl or cycloalkyl group as defined above. A 
methyl or ethyl group is preferred. 
30 In a preferred aspect, the substituents Rl and R2 in the compounds of general 

formula (T) and (D) form a heterocycle with the group NZ-CH. Said heterocycle 
preferably comprises 4, 5, 6, 7 or 8 atoms. More particularly preferably, it comprises 
5, 6 or 7 atoms. 

In a variant of this aspect, the heterocycle comprises at least one additional 
35 hetero atom, preferably chosen fromN, O and S. A het^ocycle comprising at least 
one additional hetero atom chosen from N and O is more particularly preferred. 

The invention also relates to the enantiopure p-amino acids or enantiopure P- 
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amino add derivatives in accordance with this aspect. The invention also relates to a 
peptide or peptide analogue which can be obtained using, in the process for 
producing it, an enantiopure p-amino acid derivative according to the mvention The 
peptide coupling of the enantiopure p-amino acid derivatives according to the 
invention can be carried out according to techniques known in themselves. 

More particularly preferably, the process according to the mvendon is applied 
4.^ n-Pon ATiantinm'irA R-fltnino acid derivative of formula (UUL) 



010 




COOR3 



in which J is independently chosen from C, N, O and S; Z and R4 are as defined 
above, and m and n independently have the value 0 to 4. Preferably, m and n have 
the value 1,2 or 3. 

Spedfic examples of such enantiopure p-amino acid derivatives are chosen 
from the compounds below 




N 

I 

z 



COOR3 



(IV) 




COOR3 
(V) 



o 



N 

I 

z 




(VI) 




COOR3 



(VII) 



CCXJRg 



(VIII) 



N 

I 

z 



COOR3 
(IX) 



0 in which Z and K3 are as defined above. 

In the process according to the invention, the lipase is often chosen from 
Pseudomonas cepacia and Candida antarctica lipase. Pseudomonas cepacia lipase is 
preferred. The lipase can be used in free ft>nn or immobilized form, for example 
immobilized on a support such as ceramic. 

15 In.the process according tb the invention, the hydrolysis is generally carried 
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. out at a temperature greater than or equal to 0°C. This temperature is often greater 
than or equal to lO^'C. This temperature is preferably greater than or equal to 20*^C. 
In the process according to the mvention, the hydrolysis is generally carried out at a 
temperature less than or equal to SC'C. This temperature is often less than or equal 
5 to 40°C. This temperature is preferably less than or equal to SO'^C. 

In the process according to the invention, a pH greater than or equal to 6 is 
generally mamtained during the hydrolysis. The pH is often greater than or equal to 
6.S. A pH of approxunately 7 is preferably maintained during the hydrolysis. In the . 
process according to the invention, a pH less than or equal to 6 is generally 
10 maintained during the hydrolysis. The pH is often less than or equal to 7.S. 

In the process according to the invention, the amount of lipase used is 
generally greater than or equal to 10 mg/mmol of compoimd of formula (II). This 
amovmt is preferably greater than or equal to 20 mg/mmol of compound of formula 
(n). In the process according to the invention, the ampunt of lipase used is generally 
15 less than or equal to 100 mg/mmol of compound of formula (II). This amount is 
preferably less than or equal to 50 mg/mmol of compomd of formula (II), 

The invention also relates to a process for producing a peptide or a peptide 
analogue, according to which 

(a) an enantiopure P-amino acid derivative is produced according to the 
20 process of the invention; 

(b) the enantiopure P-amino acid derivative obtained is used to produce 
the peptide or the peptide analogue. 

The examples below are intended to illustrate the invention without, however, 
limiting it. 

25 Example 1: Synthesis of enantiopure derivatives of 

S^carboxvmetiivlmorpholine . 



r ^ C6H11NO3 



,C00H M.: 145,2 g.mol"'' 



30 The racemic 3-carboxymethylmorpholine 1 was obtained, starting with 

morpholine, by successive steps of anodic methoxylation (electrochemical 
synthesis) of N-acetylated morpholine, substitution of the methoxy group with an 
allyl group by reaction with allyltrimethylsilane in the presence of TiCLj, followed 
by oxidative ozonolysis. 

35 Synthesis of S-carbethoxymethylmorpholine hydrochloride 
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r ^ . CaHisClNOa 

M.: 209,5 g.mor^ 



'2 CI 



0.85 ml of acetyl chloride was added dropwise to 10 ml of ethanol cooled to 
5 0°C, A solution of P-amino acid 1 (4 mmol, 1 equiv.) in 3 ml of ethanol was then 
added and the mixture was brought to reflux for three hours. After evaporation of the 
solvents, 0.83 g of desired product was isolated (yield = 98%). 

6 (CDCI3) 169,0 (s, COOEt), 67,5 (s, OQIzCH), 63,5 (s, OCHaCEfc), 61,6 (s, 
10 OCH2CH3), 51,2 (s, GHCHaCOOEt), 43,1 (s, CHzNEC), 33,1 (s, CHCHaCOOEt), 
14,0 (s, OCHbCEia). 

5 (CDCI3) 4,18 (q, ^Jh-h=7,2 Hz, 2H, COOCaCHs), 3-84-3,15 (m, 7H, 
CHzOajOCaCSO, 3,11 (dd, %.H=4.5 Hz, %.h=17,1 Hz, 1H de CHzCOjEt), 2,79 
15 (dd, ^JH-if=7,9 Bz, ^Jh-h=17,1 Hz, 1H de CHzCOaEt), 1,26 (t, 'Jh-h=7,2 Hz, 3H, 
COOCH2CH3). 

LR. : (KBr) 3441 (vNH), 2954 (vNH), 1727 (vCOesta). 



. Calculated: C 45.83%; H 7.69%; N 6.68% 
20 Measured: C 42. 13%; H 7. 17%; N 6.66% 

i.2. Synthesis of 4-teit-butoxycarbonYl-3-carbethoxvmethvlmorpholine 



COOEt C13"23N05 

M.: 273,3 g.mor 



25 2 g of sodium hydrogen carbonate (24 mmol, 4 equiv.) were added to a 

solution of 1,26 g of P-amino ester 2 (6 mmol) in 10 ml of THF and 35 ml of 
dioxane. When the solution had become homogenized, 1.75 g of ^er^-butyl 
pyrocarbonate (8 mmol), 1.3 equiv.) were added. The solution was heated for 5 h at 
40*'C. After evaporation, the residue was taken up in ether. The aqueous phase was 

30 extracted with 3 times 15 ml of ether. The organic phases were pooled and dried 
over magnesium sulphate. After evaporation of the organic phases, the residue was 
purified by chromatography on a silica column; eluent: 4/1 cyclohexane/ethyl 
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acetate. 1.42 g of a solid cotresponding to the expected product was isolated (yi^d = 



5 (CDCI3) 171,3 (s, COOEtX 154,5 (s, NfiOOr-Bu), 80,3 (s, QHWhX 68,9 (s, 
5 0£EbCH), 66,9 (s, OfiHaCHaN), 60,7 (s, OiSBbCHs), 48,1 (s, N£H), 39,5 (s, 
OCBtieHzN), 33,8 (s, £H2CQOEt), 28,4 (s, C(^)3\ 14,2 (s, OCE^zCBa). 

5 (CDCI3) 4,36 (large, IH; NCH), 4,11 (q, %-h=7,1 Hz, 2H, OCH2CH3), 3,840 (m, 
3B; 1H de OCHiCHzN, IH de OCfibCHaN, IH de OCH2CH), 3,56 (dd, ^Jh^h=2,8 
10 Hz, %.j^ll,8 Hz, IH, IH de OQizCH), 3,43 (td, ^JH-ri?<2,8 Hz, %.h=12 Hz, IH, 
IH de OqHzCEijN), 3,09 (m, IH, IH de OCIhCW^, 2,81 (dd, %-h=8,8 Hiz, 
H=15 Hz, IH, IH de CBzCOOEt), 2,54 (dd, ^Jh-h=5,5 Hz, %.h=15 Hz, IH, IH de 
CHzCOOEt), 1,44 (s, 9H, C(Cife)3), 1,25 (t, 'Jh-h=7,1 Hz, 3H, OCHaCa). 

Mass spectrometry; 

15 M/Z (EI): 273 (1%) ((Mf), 217 (5%) ((M:-C4H8)^ 200 (3%) ((M-CCbCHaCH^)*), 
172 (24%) ((MrCsHsOa)^), 142 (43%), 130 (32%), 86 (46%), 57 (100%) (J(C^y), 

41(26%). 

UL ; (pure) 1735 (vCOester), 1698 (vCOcaibamaU.). 

Elemental analysis : 

20 Calculated: C 57.13%; H 8.48%; N 5.12% 

Measured: C 57.06%; H 8.63%; N 5.04% 
1.3. Enzymatic racemate cleayage of racemic 4-fer^-butoxycarbonvl-3- 
carbethoxymethylmorpholine 

100 mg of Amano PS (Pseudomonas cepacia) enzyme were added to a 

25 solution of 273 mg of moipholine 3 (1 mmol) in 2 ml of IHF, 8 ml of 10'^ M buffer 
solution, pH 7, and 8 ml of water. The reaction medium was stirred at 2S°C and the 
pH was maintained at pH 7, by means of an auto-titrator, by adding 0. 1 N sodium 
hydroxide solution. The progression of the reaction was followed by virtue of the 
volume of 0. 1 N sodium hydroxide added. After stirring for 10 hours and the 

30 addition of 5 mi of 0. I N sodium hydroxide, the ruction mediiun was centrifuged in 
order to separate the solution from the enzyme. The solution was concentrated and 
the aqueous phase was extracted with ether. The oiganic phases were pooled and 
dried over magnesium sulphate. After evaporation, 125 mg of enantiopure 3b were 
obtained (yield — 45%). The aqueous phase was acidified to pH 3 and was extracted 

35 with ether. The organic phases were pooled and dried over magnesium sulphate. 
After evaporation, 120 mg of enantiopure 4-/ier/-butoxycarbonyl-3- 
carboxyniethylmorpholiae 3a were obtained (yield = 44%). The add was 
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reciystallized firom a hexane/diisopropyl ether (8/2) mixture. 

f3igV4-ter<-Butorvcarbonvi-3-carboxvmethvlpnhrphoKne. 




COOH C11H19NO5 

M.: 245,3 g.mol'^ 



[a^ =-35.7 (c = 1.94; CHaClj) M.P. : Sl^C 

"CNMR ; 

6 (CDCIa) 175,9 (s, COOH), 154.5 (s, NfiOOffiu), 80,5 (s, OQUCBa^s), 68,8 (s, 
OCEfcCH), 66,7 (s, OCHaCHz), 48,0 (s, OCBbQH), 39,4 (s, OCaEJaQHa), 33,4 (s, 
10 CBbCOOBO, 28,2 (s, OC(CE33)3). 

'HJNMR; 

5 (CDCI3) 175,9 (s, COOH), 154,5 (s, NCOOffiu), 80,5 (s, OC(CH3)3). 68,8 (s, 
OCH2CH), 66,7 (s, OCH2CH2), 48,0 (s, OCH2CH), 39,4 (s, OCHaCHa), 33,4 (s, 
GHaCOOH), 28,2 (s, OC(CH3)3). 
15 'Mass gp ectrometrv ; 

M/Z (EI): 245 (7%) ((M)"), 190 (10%), 172 (17%) (fJ>&OC^y), 144 (3%), 172 
(24%) ((M-CsHfeOa)^, 142 (43%), 130 (14%), 114 (12%), 86 (31%), 70 (12%), 57 

(100%) ((C4Bb)^, 41 (12%). 
UL : (ECBr) 3700-2500 (vOHaedd), 1713 (vCOa«d), 1694 (vCOcaAamite). 
20 (3>yV-4-tei'<-Biitoxvcarbonvl-3-carbethoxvmethvlmorpholine 3b 



XA 



^$iJ.,^^ ,COOEt CnHigNOs 

M.: 273,3 g.mol"^ 



[ag* = +35.6 (c = 1.15; CH2CI2) 

25 The enantiomeric excesses were measured by gas diromatography injection 

(Chirasil-DEX CB column): 

Flow rate; helium 1 ml/min 
T(oven): 150°C isothennia 
tr = i3.8 min for (S), 14.5 min for (R). 
30 1.4, Identification of the absolute configuration of compouads 3a and 3b 

• by synthesis of (3i§V3-(2-Dhenosvethvl)morphoIine hydrochloride 



^M^"/^^^'"'^^55i^ M,: 243,7 g.mor^ 



" HCI 
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4.2 ml of DiBAl-H (4.2 mmol, 2 equiv.) at -40''C were added to a solution of 
570 mg of P-amino ester 3b (2.1 mmol, 1 equiv.) in 20 ml of diethyl ether. The 
solution was stirred for 1 h at -40''C and then for 1 h at ambient temperature. The 
5 mixture was hydrolyzed with a 0.5 N hydrochloric acid solution and the solution 
was then extracted with diethyl ether. The pooled organic phases were dried over 
magnesium sulphate. After evaporation of the solvents, the residue was purified by 
chromatography on silica gel; eluent: cyclohexane/ 

ethyl acetate: 2/3. 390 mg of pure alcohol corresponding to the e^q>ected product 

10 were isolated (yield = 80%). 

515 mg of diisopropylazodicarboxylate (2.55 mmol, 1.5 equiv.) at O^'C were 
added to a solution of 390 mg of the preceding alcohol (1.7 mmol, 1 equiv.), of 
160 mg of phenol (2.2 mmol, 1.3 equiv.) and of 670 mg of triphenylphosphine in 
10 ml of THF. The mixture was stirred for 2 h 30 min at ambient temperature. After 

15 evaporation of the solvent, the residue was purified by chromatography on silica gel 
with, for eluent: cyclohexane/ethyl acetate: 4/1. 290 mg of pure ether corresponding 
to the expected pioduct were isolated (yield = 55%). This was heated at 50°C for 
12 h in a mixture of ethyl acetate and of a 3 M hydrochloric acid solution. After 
lyophilization, 145 mg of corresponding hydrochloride were isolated (yield: 63%). 



20 



25 



[ag =.8(c = 1.8;H20) 
(litt. Brown, GJL et al., J. Chem. Soc. Perkin Trans. 11987, 547-551) 

{a^ = +12 (c= 1.74; H2O) for the compound R. 
Example 2: Synthesis of enantiopure derivatives of pvrrolidine-2-acetic 

i 

Enzymatic racemate cleavage of 4 

■ N 



30 225 mg of PS Amano lipase were added to a solution of 303 mg of j3-amino 

ester 4 (1. 18 mmol) obtained, starting with pyrrolidine, according to the procedures 
of Example 1, m 6 ml of water, 6 ml of (10"^ M) buffer, pH 7, and 2 ml of THF. The 
pH was maintained at 7 by means of an auto-titrator, by adding a 0. 1 N sodium 
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hydroxide solution. After the addition of 6 ml of 0. 1 N sodium hydroxide and 
stirring for 48 h, the solution was filtered and concentrated and the aqueous phase 
was then extracted witii ether. The organic phases were pooled and dried over 
magnesium sulphate. After evaporation, 144 mg of ester 4b were obtained (yield: 
47.5%). The aqueous phase was acidified to pH 3 and extracted with ether. The 
organic phases were pooled and dried over magnesium sulphate. After evaporation, 
125 mg of l-ferf-butbxycarbonylpyrrolidine-2-acetic acid 4a were obtained (yield: 
46.5%). The acid was recrystallized firom hexane. 

(2igVl-ferf-Btttoxvcarbonvl-2-carbethoxvmethvlDvrrolid ( 4b> 



10 



N 



-COaEt 



[al^ = +40.6 (c = 2.50; CH2CI2) liL^ [a^ = +44. 1 (c = 2.01; MeOH) 

_ ■ a 

(Ij^-l-fert-Biitoxvcarbonvl-l-car boxvmethvlpvrrolidine ( 4sti 




15 /S>''''^° M.: 229.3'g.tnor'' 



[a^ = -38.6 (c = 1.41; DMF) Ut^ [a^ = -39.5 (c = 1.9; DMF) 
M.P. = 98°C lit^: M.D. = 99-101°C 

^CNMR : 

5 (CDCI3): 177,0 (s, COOEO, 156,0 (s, COOCiWh), 79,9 (s, COO£(CH3)3), 53,9 
20 (s, CHN), 46,3 (s, fiHaCOzH ou QHdSsf), 39,1 (s, fiHzCOoH ou fiHiN), 31,2 (s, 
QH2CH), 28,4 (s, COOC(CH3)3), 23,5 (s, CH2CH2N). 

^HNMR : 

5 (CDCI3) 4,34 (s large, IH, CHaCfl), 3,30 (m, 2H, OizN), 2,80 (m, IH de 
CHiCOtH), 2,28 (dd, ^Jh-h=10 Hz, %.h=16 Hz, IH de CILCOaH), 2,00-1,76 (m, 
25 4H, CHzCaCH), 1,39 (s, 9H, OC(qEij)3). 

Mass spectrometry : 

M/Z (EI): 229 (5%) ((M)*), 173 (24%) {Qs^-C^)*), 156 (26%) ((M-OC^Js)"^, 128 
(12%) ((M:-COaC4H9)"*), 114 (29%), 101 (3%), 82 (3%), 70 (97%), 57 (100%) 
30 ((C-iHs)"), 41 (20%). 



1 Cassal, JM.; Fflist, A.; Meier, W. Hetv. CMm. Acta 1976, 59, 1917-1924. 
^ Cassal. JJML; Fiirst, A.; Meier, W. Helv. Chun. Acta 1976, 59, 1917-1924. 



* 
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LIL i (KBr) 3700-2800 (vOHadd), 1735 (vCOadd), 1655 (vCOcaAamate). 
The enantiomeric excesses were measiired on the ethyl ester by gas 
chromatography injection (Chirasil-DEX CB column): 
Flow rate helium 1 ml/min 
5 T(oven): 150°C isothennic 

tr = 9.8 min for (R), 10.1 min for (5). 

Example 3: Synthesis of enantiopure derivatives of Dyrrolidine-2-acetic 

acid ^ 

The enantiopure pyrrolidine-2-acetic acid 4a and the corresponding 
10 aiantiopure methyl ester 4c were obtained by the procedures of Example 1. 

The table below gives the enantiomeric excesses obtained 



Example 


Product 


ee 

product (%) 


Substrate 


ee 

substrate (%) 


1 


3a 


>99 


3b 


>99 


2 


4a 


94 


4b 


99 


3 


4a 


99.1 


. 4c 


99.4 



